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From crossing-over to developmental genetics

: Curt Stern "
Departwents of Zoology and Genmtics
Universicy of California, Berkeley

1t has besen suggested to me by the conveners of this

symposiuﬁ that a backward glance on some of my activities

in genetics would be eppropriete. This causes some con-

flieting reactions., On the one hend it is not usual to

single out one’s own work but on the cther it is fun to

reminisce occasionally. Te¢ reminisce should not be a

_purely egotistic procedure. It might serve to show the

continuity of genetics during the decades of one individual's

.expariences. Human generations overlap. Eech gensration

jis not just a bridge between the past and the future but

‘actually participetes in each of them. . Old end young

share some of the same experiences. On this basis my re-

marks are particularly eddressed to the younger generation,

students end staff members alike, to show how unexpected

conn ections betvween different experiences appear, how some

findings mey remain dormant for years and them take on new

meanings., -
I did not obtain my doctor's degree in genetics. I

was & student in my native Germany of the protozoologist

and great general biologist Max Hartmann and my thesis dealt

with the cytology and a bit of the physiology of a freshwatsy

protozoan., Thie wes in the eerly twenties., While I was

ﬁappy with my type of research, my,thinking wvas also under

ﬁhe influence of the rise of genetics. Morgan’s Physical

Basis of Horedity HAB Just appeared in a German transletion -«

the original imericen literature of the World Wer I pariod

was not yet evailable -- and it, together with Goldschmidt's

books and papers on intersexuality, genetic mechanisms end
physiological genaetics, impressed us as depicting one of
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I
the most impottant periocds in the history of biology. Since
1 had not been active in genetics myself; I was greatly as-
tonighed to be offerad a postdoctoral fellowship to work in
the fly rocm at Columbia University. Morgan, Bridges and
Sturtevant reprasented a holy trinity to me and 1 have always
been grateful for the extraordinafyvgood luck of having been
a student and friend of these great ﬁen.

My férse contact with crossing over occurred while 1
was still in Germany. 1 read widely in the literature of
Drosophila genestics including the comprehensive'three books
cn the genes of the first, second and third chromoscmes.
When, after arrival at Columbia University, I told Dr. Morgan
of my eager literary studies; he smiled and said that these
bocks were records rather than reading material and that he
~ had not thought that anyone would be so stupid as to read
.every pege of them.

In my reading 1 came across a paper by Goldschmidt
‘published in 1917 while he was in this country unable to
return to blockaded Germany. The peper had appeared in
Genetics, in Germans “Crossing o?e: ohne Chiasmatypie”,
it was an imaginative hypothesis in which érossing over was
supposed to be the consequence of the genes leaving and re-
joining a nongenic chromosomal skeleton rather than a ¢one
sequence of breakagé and reunlon of chromosomal segments.
Goldschmidt's gsuggestion was criticized by a note of Sturtes
vant’s which bore the title "Crossing over without chiasmae
typ2?", the questionmark standing for en emphatic: “Ko".

I myself formulated somez erguments égainst'Goldschmidt's
hypothesis which I put in the form of a little manuseript.
which I handed with great trepidation to Professor Golde
schmide in whose department I then held a minor positican.
For haif a year 1 heard nothing about my paper. Then one
day Frofessor Goldschmide’s secretary returned the pages to
me. No comment! ’

I now turn ¢to my work on the so-called eytologiéal proof
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of crossing over and the events which led up to it. When
I was at Columbia l Btudied the effect of age and tempera-
ture on crossing over in a region of the X-chromosome which
had just become accessible to‘such-study.A Sturtevant had
discovered a mutant which was located to the right of all
otheér X-linked mutants. This mutant eaused the formation
bof smaller than normal bristlez strangely enough in females
only. The short-hsired females seemed analogous to the then
newly fashicnable bobbed haté of women and Sturtevant named
the mutant "bobbed®. In laboratory discussions it came to
iight that the "non-Drosophilist® Professor Burlingame of
Stanford University, during a period when the Morgan group
had temporaerily moved to Stanford, had made an interesting
suggestion. He had wondered whether the normalicy of males
who carry bobbed in their X-chromosomes might be due to the
presence of a normal allele of bobbed in the Y chromosome.
This turned out to be true when I found a female fly in a
‘bobbed stock which had normal, not bobbed, bristles and wes
able to show both genetically and cytologlically that ic
1¢arried a Y chromecsome in addition to its two X's. Obvicusly,
ghe wild type female had origimnated from the processz of none
disjunction of the sex chromosomes in either her mother or
father. Having established this I might have written a paper
about it and proceeded to scomething else, ,But,5fcr reasons
of heabit or for quelling any secret doudbts about the validity
of my findings, 1 wetched for more normal bristled females
in my bobbed stock. Soon I found a second cage, analyzed it
and confirmed thet it also was XXY.. Continuing, I found a
- third, Again it was ALY. Inertia ied to a fcurth flinding.
She was not XXY: Her chromosomal make-up was different from
both X and %XXY females. She carried one typical X-chromosoxe
and another sex chromoscme which consisted of an X end a long
arm of the Y echromosome, Y, attached to it. The normal
phenotype of this "X KYL" fly showed that it is the long arm
Qf the Y chromoscze which carries a normal ellele of bobbed.

It was at this stage that 1 rememrbered a passage in a
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passage in a lengthy protozoological paper which I had read
several years earlier. 1In 1923, Kaerl Belar had published a
beautiful account of meiosis in the unicellular heliozoon
Acginophrys sol. This form alternates between mitoses end
meiosis and Belar had shown that the intrieate processes
of chramosome pairing, bouquet formation, pachytenrns condenssa-
tion and other meiotiec prophase phénomena in this protozoon
fully duplicate the meiotic processes which had been the
subject of many studies in grasshoppers, flatworms and other
organisms, enimal and plent. In the discussion of Belar's
rpaper the following sentences occurred, translated from the
German: "It would be anschronéstic if in this era of
Morgan‘s discoverlies & egrological paper .... would not take
a stand with respect to the.chiasmatypa theory. Thoe beautis
ful diplotene stages actuslly provoke such a discussziom,
Unfortunately, however; nothing e€an be said here either prc
or con. And that is true not only for Actinophrys but aiso
for other cbjects. Study of fixsd preparaticns can lead to
& decision only when the two chromosomes of a pair ers
‘mprphologieally distinguishable, i.e. structurally different.”
Belar had seen that morphologicelly identical hcmologous
chromgsomes cannot result in new»types cf echromoscmes from
cressing over but that heteromorphic homologues can do so,.
It was implicit in Belar’s statement that only double hsteroe
morphism could iead to new chromosomes. Crossing over be-

tween a pair of homologues different from each other at a
single polint would result in two chromosomes indigtinguisheble
froxm the two original ones. If, however, the two homologues
differed at two separate pertsg, for inetance at both ends, -
then erossing over somswhere between the ends cculd recombire
the markers so that two vifibly new chromosomes would result.
When I had found trhe Drosophila femsle who had one normal
#o&-éhapeé X=chromesome and one Xechromogsome. at whose prosimal
end there was an ettechment of the long arm of the Y chromoa
same, I held in my hand one half of the required chromosome
configuration with which to test the theory of cressing cver.
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The singly heteromorphiq pair of X-chromosomes'by itself
"was of no use but it invited e search for another hatero-
morphism somawhere else along the Xechromosomes. If 1
could find it I would be in business! But where would 1
find it? Apart from Mrs., Morgan's attachad Xe-chromcsomes
énd her ring-X and from my XYL translocation, no microscopi-
cally visible chromosome aberrations had yet been observed
by anyone. . ‘ o '

' I remember how I discussed my hopes with Franz Schrader,
then at Bryn Mawr, on a visit of his to Columbia University.
'He told me that he had recognized the situation long ago.

In grasshoppers, the distinguished eytologists Wenrich and
Carothers had described singly heteromorphic chromosome
pairs and he, Schreder, had gone to Wenrich end suggested
the crucial experiment: look for heteromorphism at a
second site of your chromosomes and then see whether you re-
ecover not only the originally different homologues but in
addition two new types, resulting from crossing over. But
‘the suggestion did not appeal to Wearich eand nothing had
‘been done.

I ¢ried various wayé of emmbining the few chromosome
aberrations known in Drosophila in the hops of obtaining new
chromosomag by crossing over, but in vain. Then, in 1928,

H. J. Muller made it kncwn that X-rays do not only produce
gene mutations as he had shown the year before but that they
can break chromosomes and lead to the production of an ebund-
ance of chromoscme aberrations. 1If I eould only get some of
the new chromosomes from Muller, I thought, I might be able
to perform “the* experiment. It either di& not occur to me
to make my own X-ray aberrationg or I felt that the task
might require experiments too iong in durat@dae In any case,
I wondered whether I should write to Muller and ask for his
hélp. I admic that this was a ticklish business for a young
man., I had to tell Muller of my plan end ask him whsther he
himself was planning along similar ilines. Should he reply
"Yes, this obvious experiment is under way in my lab," then I
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would have lost ny oppdrtuhity. But what else could I do?
So I wrote to Muller who was then at the University of
Texas and received a most genercus reply. - He had realized .
from soms work of mine, he wrote to me in Germany, that 1
was pursuing the problem of a cytological proof of crossing
over, that he himself had no similar plens and that he would
send me various stocks with chromosoms absrrations some of
which might suic my purpose. And so he did from 1928 to
_ 1930, Unfortunately, however, none of them was useful to
me. The chromoscmes did not agree with the labels on the
vials. The aberrstions had been lost or the analyses had
been incomplete. Early in 1931, however, I received a transe
locetion between the X and the fourth chremosome, the now
well-known "Bar-Stone" trenslocetion named after Wilson Stone.
In essence, it contalned an X-chromosome whose distal half
had been removed so that it is a short chromosome. If my
Xy" chromosome could be cailed "long X with long YC" then
the Bar-Stone translccation was "short X, without YL"O- 1
was in business. The work was done within a few months and
‘the paper dedicated to Professor Morgan on his sisty-fifth
birthday. He wrote me a friendly letter of thanks saying
that he was “glad that at last we have some objective evidence
upon which to rest the.i?rossoveg? theory.” Looking back,
however, I must agree with the evaluation given by Dumn in his
Short History of Cenaticse: “So thorough had been the geneti-

cal experiments, that Stern‘’s demonstration seemed enticlimactic.”

' In the context of reminiscences as well as for the benefit
cf sociolcglsts of science who perhaps may find food for their
thoughts, let me recount some.aspects of my first report on

‘the cytological preof of crossing over. By the summer of

1931 I had completed the work, had written the paper which

was accepted for publication and hed then gone‘cn vacation.

At the end of this p eriod I went to Munich to attend the
September meeting of the German Gencties Sbciety and to prasent
my results. With me came my fisncee who on the day of'ﬁy speech
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'presénted me with a set of besautifully arranged attached
and translocated candy bars. I gave my paper with the
enthusiasm of a successful youth. Soon after, one of my
colleagues from the Keiser Wilhelm Institut came to me and
saids "1 didn‘t'want to spoil pour fun but while pou were
on vacation a paper came out written by Harriet Creighton
and Barbara McCilintock who d4id experiiénts in maize equivae-
lent to what you just announced as unique."” May I eonfess that
I am still grateful to my colleague for pérmitting me the
fealing of triumph for half an hour longer than I would heve
had it if he had told me about the CreightOn«thlintock paper
bafoLe my talk. :

You are aware that the two reports on the cytological

proof of crossing over, end a few subsequent corroborations,

were for a long time regarded as evidencs for a breakage-
| reunion mechanism of crossing over., And you are aware that
this was an unfounded belief. Ccpyachoice'as first suggested‘
by Belling could also account for the production of cytologie
cally new chromesomes from doubly hetercmorphic pairs. It
was not until 30 years later that the breakage-reunion theory
wasg provenmn, by the use of doubly labelled prokaryotic chromo-
somes, those of'tha iambda bacteriophage. In eukaryotic
organisms such as Drosophila and Zsa mays & direct proof of

breakage=-reunion igzéét ¥i3g available.

. While the 1931 papers were convincing to most investi-
gators there was one prominent exception. Hans Winkler had
just published his bock on the theory of gene conversion.
This term which now has a different meaning from that attri-
buted to it by Winkler was the basis of his novel theory of
erossing over. Winkler did not believe in chromosome exchange
but postulated that frequently genes change spontanecusly
during melosis from one allele to another. If, for instance,
a chromosome feekies the genes 4 and B and its homologue the
alleles 2 and b then conversion of A into a, and of a into A
would create chromosomes of the types aB and Ab. They would
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be genetic crossover chromosomes bug cytologicélly unchanged
chromoscmes. 1 had been involved in a controversy with
Winkler about his theory. 1 published a lengthy review and
attempted repudiaetion of his book, he reviewed my review,
and I reviewad his review. When I had obtained the new
chromosomes from the doubly heteromorphic onas 1 felt that
the case had been decided against the:theory of conversion.
But not so Winkler. In essence, he reacted as follows.

“If you have two homologous chromosomes, one with and the other
without a translocated plece you must assume that a pair of
alleles is involved at the translocation site, X leading to
actachment of the translocated piece and k to its detachment.
Gene conversion will change X into k, and vice versa resulting
in reciprocal detachment end attachment, 1f you have & long
rod chromosome with C for econtinuity of the chromcsome at a
specific site and if C converts itself to ¢ the long rod will
- sa@parate at the ¢ site into two ghorter segmentg. And if you
have two chromosgome pieces with ¢ for separateness and if ¢
‘gonverte itself to C the two pieces will zip together to form
a single ldng rod." Perhaps, this reaesoning is not too con-
vincing, but you must admit ics ingenuityo |
' Let me go back in time to 1925. In that year Bridges
discovared e strangé effect of the dominant Xplinked gene
for fine bristles and slow development, Minute-n. He dealt
with females in one of whose Xe-chromosomes there was the
dominant gene for not-yellow as well as Minute-n and in whose
other X-chromosome were present the recessive allele for
yellow and that fof_notoMinute. Such flies are non-yellow
and Minute. Unexpectediy, however, many of them had scme~
whers an area of yellow not-Minute phenotype. From his analy-
sis of numerous such "spots" on females of the stated or of
related genotypes, Bridges conciuded thet Minute-n had the
property of sometimes eliminating the chromosome on which it
was located thus resulting in spots in which only the X-chro-
moscme occupied by yellow and not-Minute was left. Such ‘
losses of an X-chromosome Were not unknown. They accounted
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for the origin of many gynanders which usually are flies
composed of a mixture of lerge female and male areas.
Elimination of an X~chromosome had occurred during early
cleavage, resulting in equal or similar numbers of XX
and X nuclel. The new feature of Bridges' spot mosaics
was the.appateht late developmental origin of the new geno-
typs as well es the specific influencé of Minute-n on the
postulated elimination of an X-chromosome,

Not long after the publication of Bridges' stimulating
paper 1 found that autosomal Minute genotypes also lead to the
appearance of aberrant spots. They cculd be explained in
terms of loss of autosomal genes. HOWevérg it appeared that
not a whole autosome was lost but only one or the other of
its two long arms. Soon snother faet baecame apparent. Fee
mailes who carried note-yellow, Minutee-n and not-botbed in one
of their Xechromosomes and yellow, not-Minute, bobbed in the
7 other formed yeilow not-Minute spots as had been shown by
Bfidges. Hewever, instead of being of bobbed phenotype the
bristies were normal. Had the whele Minutsen-carrying
X-chromoscmzs been eliminated the genotype of the spots should
have bsen yellow not-Minute bobbed. Why then did becbbed no%
appear phenotypically? '

One possible explanation was thet the effect of bobbed
Was non-autoncmouss .it did not produce its phencotype if
present in 2 small area of a not-bobbed fly. There was a
precedent for the assumption of non-sutonomy. Most genes
of Drosophila were known to act autonomously in mosaics
but Sturtevant®s demor"tration of non-autonocmy of the ver=-
milion gene wes a famous exception. There W&érﬁgual ernative
explanation of the not-bobbed phenotype of the spots. Could
it be that Minuteen did not lead to the slimination of a
" whole X-chromoscme but only of part of it, retaining in the
cell nucleus the proximal section with the not-bobbed allele?

The hypothesis of only partiallélimination'of the X=-g@hro-
moscma could be tested by means of Mullerds Theta~-duplication.
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'This was a short section of the X-chromosome, containing

the notoyellow'allele, whiéh was attached to the very

small short arm of an X-chromosomz. Females who had Theta
attached to the Minute-n carrying X-chromosome, and possessed
yellow in the homologous X-chromOSOme} were not yeilow. 1f -
their whole Minuta«n'cerrying X-chromosome was eliminated,
including the Theta attachment, then the resulting spot
would be yellow in phenotype. If, however, part of the
X-chromosome including Theta was retained then the phenotype
of & spot would be not-yeilow. If was the latter situation
which was observed and it agreed with Patterson's prior finde
ing that in spozs induced by X-rays "not the whole Xechromo-
‘some was eliminated”.

Why. and how did Minute-n and the autosomal Minutes lead
to partial less of chromosomes? This puzzle led to & variety
of experiments to find a way of solving it. Ultimately the
'answer was that actually no partial loss occurred at ell.

The decisive experiments on which I stumbled involved the
'finding that gpote for X-linked genes occurred not only in
the presence of X-linked Minutes but alsc in that of autosomal
onez. In a given experiment one X-chromosome carried ths
recessive yellow and the dominant nonesinged genes, the other
not-yellow and singed.A'Amdng 15 spots 2 were yellow and
notesinged, 2 others not-yellow singed and 11 weras twin spots
consisting of & yellow not-singed area adjacent to a not-yellow
singed. How was all this poséibie? In another experiment

one X-chromosome contained both recessives yellow and singed,
tha other both normal alieles. Here, among 160 spots, 110
were yellow and singed, 43 yellow not-singed and 7 not-yellow
ginged, How to account for these results? It turned out’
that the overall solution was based on the unéxpecteﬁ exist-
ence of “somatic-croasing over", not on chromosomal lossg. A
very lengthy paper provided the evidence, "in Minute%detail",
s Dr. Patterscn teasingly characterized ic.

In my student days I grew up under the influence of the

™

hy
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This was a short section of the X-chromosome, containing .
the not-yellow allele, which was attached to the .very
small short arm of an Xe-chromosoma. Females who had Theta
attached to the Minute-n carrying X-chromosome, and possessed
yellow in the homologous X-chromosome, were not yellow. If
their whole Minute-n cerrying X-chromosome was eliminated,
fncluding the Theta attachment, then the resulting spot
would be yellow in phenotypes. If, however, part of the
X-chromosaome including Theta was retained then the phenotype
of a spot would be noteyellow. If was the latter situation
which was observed and it agreed with Patterson‘s prior find-
ing that in spots induced by X-rays "not the whole X-chromo~
‘some was eliminated”. '

Why. and how did Minute-n and the autosomal Minutes lead
to partial loss of chromosomes? This puzzle led to a veriety
of experiments to find 2 way of solving it. Ultimately the
answer was that actually no pertial loss oecurrad at all,
The decisive experiments on which 1 stumbled involved the
finding that spots for X-linked gehes occurred not only in
the presence of X-linked Minutes but also in that of autosomal
ones., In a siven experiment one X-chromosome carried tha
recessive yellow and the dominant non-singed genes, the other
not-yellow and singsd. Among 15 spots 2 were yeilow and
note-singed, 2 others not-ysllow singed and 11 wera twin spots
¢onsisting of & ya2llow note-singed area adjacent to a not-yellow
singed. How was all this possible? In another experiment
one X-chromosome contained both recessives'yellow and singad,
the other both normal elleles. Here, smong 160 spots, 110
were yellow and singed, 43 yellow ndt-singed and 7 not-yeilow
ginged. How to account for these results? ‘It turned out
that the overall solution was based on the unexpected existe
ence of "somatic crossing over", not on chromosomal loss., &
very lengthy paper provided the evidence, "in minuteédetail“
es Dr. Patterson teasingly characterized it.

In my student deys 1 grgw up under the influence of the
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two then predominant great branches of biology, genetics
and experimental embryology, as represented By Thomas Hunt
Morgan and Hans Spemann. It wes one of my goals to cone
tribute to a fusion of the two fields which had -developed
largely independently of each other. An opportunity offered
itself when I made use of the Theta duplication in the anely-
‘sis of somatic crossing over. 1 obséiﬁed that Theta iled to
the presence in a spascifie region on the thorax of Drosophile
melanogaster of a bristle that is not present in non-Thata
flies. This “interalar"” bristle is a normal feature of
related dipteran species. By means of somatic crossing over
I thainéd mosaics for Theta/not-Theta end interpreted the
findinbé in terms of induction of interalar bristle formetion

in the epidermxs by the undarlyin@ tissue. I wrote a manu-
script and sent ic to Dr. Sturtevant in the hope that he
would introduce it to the Proceedings of the National Academy
of Sé&iences. He returned the manusceript togather with a
letter to the editor of the Proceedings submitting the paper
for publicstion. But there was a seeond letter, addressed to
me, in which doubts were expressed concerning the validicy
‘of my Spemannian interpretation. The result was that che
manuscript remained a manuseript: unpubiished. Using the
then recently invented method of Beadle and Ephrussi, I
turned to transplantation of testes within end between dife
fefent species of Drosophila and succeeded in introducing
the concept of lnduction in the determination of testes

- shape.. Different genotypes cause different shapes by way

of different growth inducers.,

In 1941, one of my graduate students, Adair Brastesd,
published her _doctoral thesis: “Ah analysis of the exﬁression
of the mutant ‘engrailed’ in Drosophile melancgaster”. |
Engrailed is & mutant with multiple effects, the most intereste-

- ing one of which is the formation of a secondary, mirror imege |
sex comb on the male foreleg in addition to.the single primary
sex comb sa«thewﬁele~fcrﬁtég“in~addition*t0'thew@ingle“prim
marysge~eomd of normal males, The Discussion attempted to
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interpret the appearance of sex combs in males and their
absence in femalaes by making use of the embryological field
concept. It led to the following statement concerning
gynanders: . o

"1f a sex-comb should appear in a region composed of
female tissue but surrounded by male tissue, then it might
ba said that a sex-comb field was present and sex-comb
formation persisted in spite of the female constitution of
the responding tissue. A search for such material has thus

far revealed no crucial casas.”

What was needed, then, were numerous gynanders in the
hope that some of them would be sex mosaics in the critical
region. Gynanders are rare and few were found until, five
years lster, Grifﬁfu and Lindsley in am abstract anncunced
the existence of an unstable ring X-chromosome whose frequent

‘elimination represented a tool for gynander production. The

unstable ring was made available to us and soon afterward
Dr. Aloha Hannah and I accumulated many gynanders including
some of female/male mixtures in the sex comb region. Their
study revealed an unexpected situatdon. Female tissue even
if present in the sex comb forming region of a mostly male
tarsus differentiated female bristies only, not sex comb
teath, Conversely male tissue that occurred on a mostly
female fdreleg at the region which is homologous to that of
the sex comb in males, differentiatsed typical sex comb teeth
not female bristles. We concluded thet a sex comb field is
present in both sexes and that the sexual difference of the
forelegs is dus to differesntial response of female and male
tissue to an invariant singularity of the region. Later

Dr. Chiyoko Tokunsga, by means of somatic crossing over,
obtained rosaics for the autosomal mutant engrailed and
established that the difference between‘engrailed and
not-angrailed sax comb differentiatiocn 1ies not in a differ-
ence betwean presence and absence ofa “"field for secondary
gaex comb formation" but in differential response of the two
genotypss to an invariant “"prepattern singularity®. Other



. 213«

péftérnAphenotypps such as produced by the gena "achaete®
which removes, i.e. does not differentiate, spacific

bristles at specific sites were also shown to be dua to
genetically different response of tissues to invarient
prepetterns. . The Theta'duplication that leads to dlfferentie- .
tion of the inter-alar bristle also belongs to this class of

" pattern genotypes. A reanalysis of the mosaics for Theta

which had been left ununderstood in the unpublished manu-
gcript referred to earlier now saw the light of public
scrutiny in e paper in Roux's Archiv.

For a while it seemed ae if all mutants studied were

_alike in affecting only responses but not prepatterns. Later,

indications of prepattern effects of some mutents were obtained
and, finally, rather cleer evidence for such & mutent was

found in the sex combh of gXD. This genotype causes the ap-
pearance of & multiple sex comb. Mosaics for gzD. if in the
gsex comb region, produce multiple comb sections not only out

of ggp but even out of not-gzm tissue. The underlying ab-

normal differentiation of tarsal segmentation acts as a new

‘prepattern that forces multiple different&ation upon both

ng and notwgzD tissue. _

My story has taken you from meiotic to mitotic somaric
croséing over as fundamental topics worthy of analysis and
then to the application of somatic crossing over as a tool
in the study of developmental genetics. OCur interest in the
latter area is still lively but I have recently returned to
my old love, crossing over par se. It is known from the work

of various authors that meiotic crossing over can take place

within & gene and it occurred to me to wonder whether in
Crosophila somatic crossing over too could be intragenic.

A suitsble genetic material for answering this question is
given by the white lccus. Meiotically, Green and Judd have
éeparated the sites of different white allesles by cbserving
normal red eyed segregents originating from white syed
females. In these cases two different nen-complementing
white alleles, here decignated as wl and wz in the trans=-
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configuration wt ¢2 /% » mey give rise by meiotic
1

crossing over to + ¢2 normal gametes., Could somatic

1.2

crossing over accomplish the same?

Professor Morgan once explained to & vis1tor that he
had a se ies of experxnents under Way,.sgme.reasonable.
some slightly foolish and some so foolish that he would
not talk about them. In a way I felt that the attempt to
observe the results of intragenic somatic erossing over
belonged in the last of Morgen's categories. How small
would be the chance to discover such an avent, if it oc=
curred at all? But he who does not dare may never win,
There was an element iavolved which'mlght help to yisld
the imposbible. An eye of Drosophila ‘is compoundaed of
meny feacets, about 750. Two eyes amouﬂt to- 1500 facets
and a thousand flies to & million and a h&lfo If during A
development of a fly with the non c0ﬂplementing.'i.e. white~j'

1 2 /+1 2 somatic cr0831n°'cver ba«:

eved, constitution w
twaen tbavwl and wz_sites hed createo a normal % 42 : _i
chromosome. e pigmented spot would be prodvéad.. 1 iookeﬂ ¥
at a paltry six thousand fliss. They corresponded to’
about nine million mitotic events (or-more dep@nﬁinv on.”‘ :
whether all or only some of the pigment cells of a facet » f;. \ 4
ere sufficient to give rise to an observable spot) ia . }i; 1
four of the mitotic events intreoenic eressing over had 4J
occurred, as judged by 4 pigmanted spots cf- ffom sbout TN
2 to 16 facets. : ‘ . .i. .o f;' : ™
One can use this result for making an’estimaté, o é*; AN
however rouzh, of the total frequency of somstic crossing .'5§‘ i s
over during the devslopment of Droscphila. - The meiotic mep o o ‘
iength of the whitre cistron batween the sites wIland w2 is ﬁfk_
about 0.0146 per cent and the sum of the map length of ell -
Chromosom@s is abour 280. This makes the total map length '
2 % 10 times longer than the white section.! If «- apl this \.
1s a very inaccurate "if" -- the mean freqmency of crossing

over anywhere i{s like that observed. in the small wl-w2 semple;

PP
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~then the frequency of cells with a croess over is of the
ordar of one, or one tenth, per cent. Neither of these
two values is a negligible one from the point of view of
students who are looking for possible somastic crossing
over- in tissue cultures or eisewhere,:i
. Here ny story ends. It is not exhaustive. In

decades of activity many different linee ere followed, some
for short, others for longer distances. After decades of
activit] one's part.in the growth of scieﬂce seems unxelated
to oneself. Is the person who is alive now. really the same
who did some work forty vears ago?

I talked sbout some sdventures in classical genetics.
is molecular genetics separated from classical genetics by
a revolucionary break? I do not think so. DNA wag dis-
covered by Miescher in 1869, in the nuclei of pus cells and,
Aiatérﬁ,in ths sperm of fish. It was an intereeting substance ==
but what of its meaning? . '
‘ It took decades of cytological research, observation
and thinking, decades of classical genetics in terms of
. factor analysis, linkage and recombination to prepars the
" answer to the meaning of DNA. WWhen the enswer came -~-from
T Avery in 1944 «- g great edvance hed been made, without
" revolution., Ewerything remained in place, but the dreams
ofAthe'elassieal genaticists of understanding gens strucrure,.’
gehe mucation and gene regulation had begun tO come Trus, '
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